This paper presents a comprehensive simulation project in the area of an automotive supplier. The company produces car styling serial and original accessory parts made from plastic for internal and external applications in passenger cars. For the foaming division, which is identified as the bottleneck, different personnel and qualification scenarios, set-up optimizations and lot-sizing strategies are compared with the current situation. Key performance measures reported are inventory, tardiness and service level. The changes in organizational costs (e.g. employee training, additional employees, etc.), due to the scenarios, are not considered and are traded off with the logistical potential by the company itself. Results of the simulation study indicate that a combination of an additional fitter during night shift, minor reductions of set-up times and reduced lot-sizes leads to an inventory reduction of ~10.6% and a service level improvement of ~8% compared to the current situation.
INTRODUCTION
The automotive industry in Austria is an important sector for the Austrian economy. According to the Austrian Economic Chambers (http://wko.at/fahrzeuge/default.htm) approximately 30,000 employees generate a volume of production of 12,500 billion Euros. Most of these companies are suppliers in the automotive supply chain. The investigated company is one of these suppliers and results of this study indicate the potential for improvement by applying simulation; this also holds true for other companies in this field.
A wide range of publications concerning MRP (material requirements planning) as planning a method are available showing that MRP is applied in industry and intensively studied (Weeks 1981; Yano 1987; Gong et al. 1994; Elhafsi 2002; Axsäter 2005; Altendorfer and Minner 2011; Hopp and Spearman 2008) . MRP can handle any kind of complexity and stochastic behavior in customer demand and processing time, which supports its enormous popularity among industry (see Chang and Yih (1994) and Hopp and Spearman (2008) ). Among others, one of the main parameters for MRP is the lot-sizing decision influencing inventory, set-up effort (and therefore utilization) and service level (Hopp and Spearman 2008, Jodlbauer and Huber 2008) . First publications in this field were Wagner and Whitin (1958) and Manne (1958) for dynamic but deterministic customer demand in a rather streamlined setting. Recent work on lot-sizing discusses, for example, customer demand variance (Ho 1995) , solution algorithms (Dellaert and Jeunet 2000) , set-up influence (Gardiner and Blackstone 1995) and simulation for lot-size optimization (Jodlbauer and Huber 2008) . In this study, simulation is also applied to identify the influence of lot-sizes in the investigated production system. Conference R. Pasupathy, S.-H. Kim, A. Tolk, R. Hill, and M. E. Kuhl, eds Another factor influencing the logistical performance of a production system is the workforce availability and qualification for different tasks. Mazzola et al. (1998) explore a multiproduct production planning problem, whereby the work-force productivity reflects a learning-curve effect. The authors show that this problem is NP hard and provide a branch-and-bound algorithm and a tabu-search heuristic to solve this problem. Carrillo and Gaimon (2000) demonstrate in their optimal control model that companies should invest in skills of employees and process changes to be more effective or less expensive. Thorwarth et al. (2009) investigate a flexible workload allocation for hospital staff. Stratman et al. (2004) develope a simulation model for analyzing worker skill dynamics whereby the use of temporary versus permanent workers on manufacturing costs is investigated. In their model they have implemented short product life cycles, mid-volume production quantities and a production environment consisting of assembly, inspection and testing.
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In this paper we examine the foaming division of an Austrian automotive supplier. The production planning and control method for the materials is MRP. The sales plan of the last business year is input for all investigated simulation scenarios. The validation process is twofold. On the one hand, performance measures from the simulation model (inventory, work in process (WIP) and service level) are compared with the ones of the last business year. On the other hand, we conduct in depth analysis of the simulation model with the company partners. The production area has three production stages (foaming, manual trimming one and manual trimming two). The target of the simulation study is to compare different personnel and qualification scenarios, set-up optimizations and lot-sizing policies with the past business year and provide managerial insights. As sketched in the review above, there are analytical models for all of these decisions available, however, simulation is a convenient tool to handle the complexity of the combination of these decisions and is therefore applied in this study.
MODEL
For the simulation project, a generic simulation model is used, similar to the simulation study in Felberbauer, Altendorder and Hübl (2012) . The core concept of the generic simulation model is presented in Hübl et al. (2011) which explains the parameterization by a database. Thereby, it is possible to define different simulation scenarios without any adaption of the simulation model itself. The relational database model is designed according to the relevant simulation data for production planning simulation. Generally, the simulation model imports the data from the database in an initial phase. On the one hand, the data is used at the startup of the simulation model to replicate the single simulation modules and thereby creating the production system structure. On the other hand, the data is used to initialize the random number generators for processing, set-up and repair times, as well as to parameterize the production planning. Basically, the database distinguishes between master data and transaction data. The master data defines the structure of the production system and consists of:
 bill of material (BOM): defining the relationship between parent and child item(s)  routings: definition of the machine groups and their machines, including the capacities  production planning parameters for each item  shift calendar for all skill groups, including holidays  definition of skill groups of the employees, including their capacities
The transaction data is characterized by distributions, which are used for generating the random variables in the model. The distribution parameters are defined in tables of the database. A distribution is implemented for processing time, set-up-time, mean time to repair and mean time between failure, customer demand, customer required lead time and replenishment lead time. The simulation time (model run time) is also customized in the database.
The different modules of the scalable simulation model itself are programmed in Anylogic 6.8. The simulation model consists of the five modules: customer, production planning, material release, resources and analysis. For a detailed description of the simulation modules compare, Felberbauer, Altendorder, and Hübl (2012) and Hübl et al. (2011) .
PROBLEM DESCRIPTION
The flow shop investigated consists of three different areas. The first area is the foaming division containing three different machines (FT1, FT2 and FT3) which are technologically not identical. The second (manual trimming one) and third (manual trimming two) area are hand-work places where the foamed products are refinished. According to a capacity analysis of the last business year, the foaming machines are the bottleneck of this production system. For simulation time and complexity reasons, an ABC-analysis for capacity consumption is conducted according to the past sales plan. Based on this analysis, 36 finished products (out of 230) are identified which account for 80% of the annual capacity consumption. For "A"-finished products and their sub items the production planning is simulated in detail. For "B" and "C"-articles, only their capacity consumption but not their production planning, order generation and dispatching is simulated. This approach reduces the simulation time and the data acquisition effort, e.g. for planning parameterization, bill of material, routing information, etc.
The processing times, set-up times, mean times between failure and mean time to repair are modeled as independent lognormal distributed random variables and their expected value and coefficient of variation are extracted from the MES-system (manufacturing execution system) of the company. At stations trimming one and trimming two, no set-up is needed. At the foaming machines, a set-up is needed between orders for different materials, whereby its mean and coefficient of variation are independent of the materials to process. All materials are MRP planned and the MRP run is conducted in ERP-system (enterprise resource planning) SAP R3 once a day. The foaming division is a pure make-to-order (MTO) system, therefore no forecast information is considered in the MRP-run.
For the investigated area, two different shift systems are applied. The production employees working in the foaming, trimming one and trimming two divisions, labor five days a week in three shifts (shift one from 6:00 am-2:00 pm, shift two from 2:00 pm -10:00 pm and shift three from 10:00 pm-6:00 am). The set up team (fitters) which is responsible for the set-ups in the foaming division (machines: FT1, FT2 and FT3) works five days a week in two shifts (shift one form 6:00 am-2:00 pm and shift two from 2:00 pm -10:00 pm). If the planned production order amount is reached during the third shift and there is no production order with the same product waiting, the production employee in the foaming division produces until the set-up team is available in the first shift at 6:00 am. This policy leads to an overproduction in comparison to the planned order amount and is only possible due to the fact that the raw material is infinitely available. The prioritization of work intensive orders (work content > 10h) before the shift end of the second shift is one action defined by the management to dampen problems caused by this policy.
From the practical as well as the research perspective, an interesting question is how this overproduction policy influences the logistical performance measures inventory and service level. In detail, management claimed a low service level performance of this production system and provided a set of possible measures to improve the situation. Such measures are employing fitters also in the night shift, qualify workers to conduct the set-up process during night shift, stop production when production amount is reached, reduce set-up-times by implementing technical improvements and reduce the production lot-size. Therefore, a set of scenarios is identified in cooperation with the management and simulation is applied to evaluate the key performance indicators inventory, tardiness and service level for the latter explained scenarios. RESULTS
Experiment Design
In the four scenarios tested (S1.x, S2.x, S3.x, S4.x) the customer demand per month and year is always kept equal in order to have the same amount of products produced within the simulation time. In S1, the possibility of setting up machines in night shift is evaluated. This can be achieved either by employing an additional fitter for the night shift (S1.1) or by training a worker to be able to accomplish the set-up process (S1.2). In S2, set-up-time reduction is tested. In the first case (S2.1), set-up-times reduce from 30 to 20 minutes on average, which can be achieved with little effort by the company. The second case (S2.2) implies a major change in the set-up process and the average set-up-time is reduced to eight minutes. In S3 the lot-size is set to 50% of current value with a minimum of 200 pieces per production order, which is a feasible policy according to the technical restrictions of the production system. Scenario S4 comprises a combination of reduced set-up-times and the new lot-sizing policy. 
S0 -Current Situation
All necessary data for the generic simulation model database is identified from current values of the company. Additionally, safety stocks had to be implemented in order to meet the average inventory of products of year 2011 in the simulation results. This is necessary to convert human interactions of production planning into a logical simulation rule, as production planning is often turning planned orders into production orders manually. The result shown in Table 1 represents the results of trading year 2011 for the investigated production system. As mentioned above, the simulation results have been validated with company experts. Table 1 shows a service level after the process step "trimming 2" of 70%. This means only 7 out of 10 production orders of this process step are finished in time. The average inventory is 8,770 pieces over all three investigated process steps whereas inventory including WIP is around 9,940 pieces. The utilization of machines 1 to 3 in the bottleneck-area is visualized to show that the production program is equal in all scenarios tested. 
KPI

S1 -Availability of Setting Up Machines During Night Shift
In S1, the possibility of setting up machines during, night shift is tested. This is possible in two different ways, either an additional fitter is employed for the night shift (S1.1) or an existing worker is trained to be capable of doing the set-up tasks (S1.2). In scenario S1.2, the set-up time is increased by 50% as the qualified worker is doing the set-up process alone and the set-up process is, therefore, not as quick as a fitter who has a worker to help during set-up. The result presented in Table 2 shows the two scenarios in comparison to the current situation S0. Table 2 : Performance measures for S1 -availability of setting up machines during night shift.
The decrease in inventory and inventory plus WIP is reasonable due to the increased flexibility in setting up machines during night shift, where only the needed amount of products is actually produced. Remarkable is the fact, that the service level is nearly not influenced by this measure. Therefore, both of these measures reduce in fact overproduction and therefore inventory. However, the provided service level does not improve. One explanation for this could be that lot-sizes and planned lead-times are not set accurately in the current situation.
S2 -Reduced Set-Up Times
In S2, the current situation is tested with reduced set-up times. Again, two possible changes are tested; in the first case (S2.1, S2.3) set-up times are reduced to 20 minutes on average with a standard deviation of +/-5 minutes. This reduced set-up-time was defined by the company and could be implemented with minor changes in the set-up process, such as increasing the amount of external set-up and further training of fitter personnel. In the second case (S2.2, S2.4), set-up-times are reduced to 8 minutes on average with a standard deviation of +/-1 minute. For this reduction, a major change in the set-up process is necessary, i.e. new crane for changing tools. Both scenarios of S2 are tested for the current situation of the company (S2.1, S2.2) and also for the possibility of setting up machines during night shift (S2.3, S2.4) with an additional fitter. The results of S2 are presented in Table 3:   Table 3 : Performance measures for S2 -reduced set-up-times.
KPI
Unit S0 ±CI S0 S1.1 ±CI S1.1 S1.2 ±CI S1. For the current situation of the company, a slight improvement in service level can be achieved through reduced set-up times (S2.1-S2.4). In terms of service level, it seems like there is no difference between the current situation (S2.1, S2.2) and the possibility of setting up machines during night shifts (S2.3, S2.4). Again, it is conjectured that this effect occurs due to non-optimal settings of current planning parameters. The increase in inventory and inventory plus WIP in S2.1 and S2.2 can be described due to the reduction of production lead-time and therefore longer average waiting times in finished goods inventory. The decrease in inventory in S2.3 and S2.4 in comparison to S2.1 and S2.2, which is linked to setups in the night shift, is ~15.2% and ~14.8% respectively.
S3 -Halved Lot-Sizes
In Scenario S3 the current situation (S3.1) and situation with the possibility to setting-up machines during night shift with an additional fitter (S3.2) is tested with the new lot-sizing policy introduced above (half of the current lot-size with a minimum of 200 pieces per order). Table 4 : Performance measures for S3 -halved lot-sizes.
The results for S3.1 in Table 4 show a significant increase of service level (5%) and a slight increase in average inventory which is again linked to an increase in the finished goods inventory. Remarkable is the fact, that with an additional fitter during night shift (S3.2), the service level stays unchanged but the average inventory can be reduced by ~16.7% compared to S3.1.
S4 -Combination of S2 and S3
In Scenario 4, a combination of reduced set-up times (S2) and new lot-sizing policy (S3) is tested for the current situation and the case with an additional fitter in night shift. In S4.1 (without fitter in night shift) and S4.2 (with fitter in night shift) the reduced set-up-time of 20 minutes on average is applied. In S4.3 (without fitter in night shift) and S4.4 (with fitter in night shift) the reduced set-up-time of 8 minutes on average is tested. The results of S4 are presented in Table 5 : Altendorfer , Felberbauer, Gruber, and Hübl Looking at the results from Table 5 shows that the combination of applying the new lot-sizing policy, reducing set-up-time and providing an additional fitter in the night shift leads to the best results. The service level can be increased up to ~80%, which means an increase by ~10%. The slight reduction in utilization is due to less overall set-up-times. Note that an investment in reducing the set-up process is only efficient if also the lot-size is adjusted. Since no cost information on providing a fitter for the night shift and for reducing the set-up-time is available, it depends on the company to decide which scenario is the best. However, assuming that a decrease in set-up-time to 20 minutes and applying an additional fitter are possible with reasonable costs, indicates that scenario S4.2 can probably be selected as the best scenario. In this scenario, the service level is increased by 8% up to ~78% and the average inventory can be reduced by 10.6% in comparison to the current situation. Additionally, the average delay is reduced to 0.2 days per order.
CONCLUSION
The simulation study performed in this paper shows that improvement measures identified in collaboration with leading personnel of the studied company can lead to a significant improvement of the production system. An additional fitter during the night shift reduces inventory by ~16% with a steady service level. Minor changes in the set-up process outweigh major changes with implementation costs in the case of investigated key performance indicators. A new lot-sizing policy with reduced lot-sizes shows that the service level can be improved significant by 7%, regardless of employing an additional fitter during night shift or not. Applying a combination of the evaluated improvement measures (additional fitter during night shift, minor reduction of set-up-time, new lot-sizing policy) leads to an inventory reduction of ~10.6% and a service level improvement of ~8% in comparison to the current situation. Even though this study shows some practically relevant results which lead to an improved performance of the studied production system it also has some mayor limitations. To identify the whole improvement potential for the investigated production system, the MRP planning parameters lot-size, planned lead time and safety stock would have to be systematically analyzed by parameter variation experiments or by applying certain optimization heuristics. This is left for further research and will probably be conducted in a further simulation project with the company.
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